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A random dot pattern moved at a velocity Vt. The velocity then increased or decreased abruptly to 
another value I"2 for some time and again returned to Vt. The temporal threshold, i.e. the duration 
of I"2 that was necessary to detect the change was measured. Thresholds for the detection of the same 
velocity increment, V2 = 2" Vt, were shorter when the baseline velocity I71 increased from 1 to 8 deg/sec 
(Expt 1). The temporal threshold decreased as the velocity contrast (V2-  I"1)/(VI + t"2) increased 
from 0.33 to 0.77. The thresholds for the detection of velocity decrements were in general onger than 
those for the detection of increments (Expt 3). In Expts 2 and 4 the random-dot pattern moved with 
velocity V I, which abruptly increased or decreased to V2, without returning to I"1. The reaction time 
to the change was measured for the same velocity pairs as those used in the temporal threshold 
measurements. There was a good correspondence between changes in the reaction times and changes 
in the thresholds under the various conditions. The data are interpreted on the basis of two hypotheses: 
higher velocities are detected by mechanisms that respond more rapidly; and integration of velocities 
occurs when temporally-adjacent motions are presented. 
Velocity change Temporal threshold Reaction time Motion detectors 
There are two ways to discriminate two stimulus levels. 
One is to present two separate stimuli of different 
magnitude and to ask the observer to discriminate 
between them. Laming (19S5) calls this "difference dis- 
crimination". The other way is to increase or decrease 
the magnitude of the stimulus and to ask the observer to 
detect he change. The two tasks may have quite different 
psychophysical properties, as has been shown in the case 
of luminance perception domain (Laming, 1985). In the 
domain of velocity perception, detection of change has 
rarely been investigated. This is curious, because detec- 
tion of a change of velocity may provide important 
information about the dynamics of the analysis of visual 
motion and provide a basis for predicting the speed of 
the human response to motion. 
Evidence regarding the ability of the visual system 
to detect changes in the velocity of visual motion have 
been obtained by studying the perception of velocity 
modulation. In an often-cited study van Doorn and 
Koenderink (1982a) measured the signal-to-noise 
threshold for detection of the direction of motion of 
Julesz patterns. The patterns moved periodically in 
alternating, opposite, directions; different velocities of 
motion and different alternation periods were employed. 
Decreasing the duration of the periods resulted in a 
progressive increase in the., detection thresholds until, at 
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a critical period, no percept of motion occurred. The 
value of the critical period T was a power function of the 
velocity V of the patterns: 
T = c" V-0.4 (1) 
where c is a constant equal to 89 when T is measured is
msec and V in deg/sec. 
van Doorn and Koenderink (1982a) interpreted the 
break-down of the perception of motion at the critical 
alternation period as supporting the hypothesis that 
human motion perception is performed by bilocal detec- 
tors of the Reichardt ype. They suggest hat a detector 
with a decay z may be adequately stimulated only if the 
duration T of motion in the preferred irection is longer 
than r; if T becomes equal to z no motion will be 
perceived. Therefore, the value of T is an estimate of the 
delay z and, as equation (1) implies, detectors tuned to 
higher velocities have shorter delays. In another study by 
the same authors (van Doorn& Koenderink, 1982b) the 
span of the motion detectors (i.e. the width of indepen- 
dent receptors) was determined as a function of the 
tuning velocity. It has been established that the span S 
is also a power function of the tuning velocity V, 
S = k" V°"6 (2) 
where k is a constant equal to 4.2 when S is measured 
in min arc and V in deg/sec. 
Therefore, higher velocities are detected by detectors 
that have larger spans, van Doorn and Koenderink 
(1982b) concluded that fast-moving patterns are detected 
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by mechanisms that respond faster than those that detect 
slow motion. This conclusion has also been supported by 
data from measurements of contrast sensitivity for the 
discrimination of the direction of drifting gratings 
(Kelly, 1979; Burr & Ross, 1981; for a review see 
Nakayama, 1985, Fig. 6). 
The suggestion by van Doorn and Koenderink 
(1982a) may be used to explain data on human reaction 
times to moving stimuli. Earlier detecting of high vel- 
ocities should yield motor reactions that are faster than 
those to slow velocities. It has been established that the 
reaction time to the onset of visual motion decreases 
with increasing velocity (Ball & Sekuler, 1980; Tynan 
& Sekuler, 1982; Hohnsbein & Mateeff, 1992). The 
relationship between reaction time RT and velocity V 
can be described by the formula 
RT = c" V -n+ RTo (3) 
where c, n, and RTo are constants. The value of the 
exponent n appears to be close to 0.4 in these studies, 
resembling the value of the exponent in (1). van den Berg 
and van de Grind (1989) assumed that the velocity- 
dependent component c. V -n in equation (3), which 
presumably represents the time necessary to detect he 
motion, is proportional to the delay r of the detector 
tuned to the velocity V. 
The model of van den Berg and van de Grind (1989) 
provides a satisfactory fit to the experimental data on 
RT to motion onset, but it may be insufficient to explain 
the speed of reaction to other motion patterns. Motion 
onset is in fact a change in motion velocity from G to 
V:, where G = 0 and V2 ~ 0. Suppose that G is also 
different from zero. Will the reaction time to the appear- 
ance of V2 remain the same as in the case when V~ is 
zero? Common sense predicts that the answer is negative, 
but this needs experimental verification. However, reac- 
tion time to a velocity change may be influenced, at least 
to some extent, by the response time of the motion 
detectors. This assumption seems physiologically plaus- 
ible and worth investigating. 
Explanations of the data about the speed of reaction 
to moving stimuli based on data from velocity- 
modulation experiments became ven more complicated 
after a recent study of Snowden and Braddick (1991) in 
which a moving random-dot pattern was presented, and 
its velocity was modulated between V~ and 1/2 in a 
square-wave manner. The threshold ratio (I"2- G)/VI 
for detecting the modulation was measured for different 
modulation rates and for different values of mean 
motion velocity. The authors reported an abrupt in- 
crease in threshold modulation depth when the modu- 
lation rate became too high; for high mean velocities, 
however, this abrupt increase occurred at modulation 
rates that were lower than those for slowly moving 
patterns. In other words, the detection of temporal 
variation of velocity became better at lower velocities 
rather than at higher velocities (Snowden & Braddick, 
1991, Figs 4 and 5). This finding also indicates that the 
reaction time elicited by changes in the velocity of (on 
average) slowly moving patterns hould be shorter than 
the reaction time to changes in the velocity of rapidly- 
moving patterns. This prediction is opposite to that 
expected on the basis of van Doorn and Koenderink's 
(1982a) results. 
In the present paper we used another approach to 
study the detection of velocity changes. Instead of 
presenting motion and modulating its velocity, we pre- 
sented short single "pulses" of velocity V2 on the "back- 
ground" of a baseline velocity V~ and measured the 
threshold-pulse duration that was needed to detect hese 
pulses, as a function of (a) the magnitude of the velocity 
change, (b) the baseline velocity V~ and (c) the second 
velocity V 2. Our purpose was to see whether detection 
thresholds for single pulses would conform to the data 
of Snowden and Braddick (1991) or to those of van 
Doorn and Koenderink (1982a). In another series of 
experiments, we measured the reaction time to changes 
in velocity from Vt to V2, where V 1 and V2 were the same 
as in the threshold experiments. Our intent was to study 
whether reaction time was related to temporal sensi- 
tivity. Finally, we interpret our results within the frame- 
work of current theories of motion perception. 
METHODS 
Apparatus 
The apparatus was similar to that of Hohnsbein and 
Mateeff (1991). The subject sat in front of a white, 
1 cd/m 2 screen with a black fixation point at a viewing 
distance of 32 cm. A configuration of luminous random 
dots could be presented within an invisible circular 
aperture of 8.9deg dia, positioned 4.5 deg above the 
fixation point. ("Invisible" mean that the aperture was 
defined only by the presence of points within it.) 
An oscilloscope, Type Rohde & Schwarz (Model 
D66A) was placed behind the screen, 32 cm from the 
aperture. The graticule of the oscilloscope was removed, 
and the intensity of the electron beam was set to 
maximum. A sieve of black paper, randomly perforated 
with small pinholes was placed between the screen and 
the oscilloscope. The sieve projected a large (about 50 cm 
wide) random-dot pattern (consisting of multiple images 
of the light point of the electron beam of the oscillo- 
scope) on the rear of the screen. The subject saw the part 
of the pattern that was within the stationary aperture. It 
consisted on average of 40 dots, each with a luminance 
of 1.8 cd/m 2 and a diameter of about 0.8 deg. When the 
oscilloscope beam moved the dot pattern also moved. 
The motion of the electron beam was controlled by a 
PC/AT 286 equipped with a timer interface card and a 
D/A converter. The analog voltage from the D/A con- 
verter controlled the X-position and velocity of the 
electron beam (see the Appendix for details of the 
geometry of the stimulus). 
Stimufi and procedure 
In the temporal threshold measurements, motion was 
presented in pairs of two successive time intervals epar- 
ated by 500 msec, one of them containing the stimulus. 
VELOCITY CHANGES OF VISUAL MOTION 357 
The random dots were presented, and remained station- 
ary for 600 msec; thereafl:er a click was given and the 
pattern set in motion ~Lt velocity Vl. The velocity 
abruptly changed 1 sec later to V2 for a time T, after 
which the pattern abruptly returned to V~, moved for 
1 sec and disappeared. In the other interval of the pair 
only smooth motion with velocity 1/1 in the same direc- 
tion was presented. The stimulus was randomly pre- 
sented in either the first or the second interval of the pair; 
the subject was required to determine which of the two 
intervals contained the stimulus. In all experiments he 
direction of motion was ;alternated in successive trials, 
from left to right and vice versa, to avoid adaptation and 
aftereffects. A staircase estimation procedure similar 
to that used by Snowden and Braddick (1991) was 
employed. The duration T was decreased after three 
consecutive correct reports, and increased after each 
incorrect report. This procedure tracks the 79% level of 
the psychometric urve (Levitt, 1971). The first two 
reversals of the staircase were discarded, and the 
measurement lasted until eight more reversals occurred. 
The smallest step used was 2msec for V 1=2 and 
V2 = 16 deg/sec in Expt 3; in the other conditions the 
steps were 5 and 10 msec. 
In the reaction time measurements he dot pattern 
remained stationary for 6 sec. A short click was given 
and the pattern started to move at velocity Vl. After a 
random time, between 1 and 2 sec the velocity abruptly 
changed to V2, the motion continued for 1 sec and then 
the dots disappeared for 500 msec, during which time the 
dot pattern was repositioned for the beginning of the 
next trial. 
The subject had to fixate the fixation point and press 
a button as quickly as possible after the change in 
velocity. Reaction times were measured with 1 msec 
accuracy from the first millisecond of the new velocity. 
Subjects were instructed to fixate carefully because, as 
Snowden and Braddick (1991) pointed out, pursuing the 
moving dots may substantially alter one's performance. 
In our previous tudy (Hohnsbein & Mateeff, 1992) we 
applied an objective measurement of eye position to 
ensure that the subjects did not make pursuit eye 
movements to the stimul~as motion. It turned out that 
subjects had no difficult3' in avoiding such eye move- 
ments (the fixation point was outside of the moving 
pattern), and thus in the present study only visual 
monitoring of the subjects' eyes was used. 
Subjects 
Pilot experiments in which the authors were the 
observers provided unambiguous results. However, to 
avoid any bias that may occur by self-experimentation, 
we carried out formal experiments with four naive, paid 
subjects, two females and two males, aged 20-30 yr. 
They had experience with reaction time measurements, 
but had never participated in studies of motion percep- 
tion. Prior to the actual experiments the subjects were 
intensively trained in four sessions with the full set of 
conditions. 
RESULTS 
Experiment 1 
The aim of this experiment was to establish whether 
a longer time T is needed to detect a fixed velocity 
increment V2/Vl when the baseline velocity Vl increases. 
This would be predicted on the basis of the finding of 
Snowden and Braddick (1991) that detection perform- 
ance deteriorates at lower temporal frequencies, i.e. at 
longer periods T, as velocity is increased. We fixed 
1/2 = 2"V i, and measured threshold times T for the 
following velocity pairs V~ and 1/2: 1 and 2 deg/sec, 2 and 
4 deg/sec, 4 and 8 deg/sec, and 8 and 16 deg/sec. These 
velocity profiles are shown in Fig. I(A). Data were 
collected uring two experimental sessions on two days; 
the four conditions were randomized across the sessions 
and the subjects. The means of the 16 threshold esti- 
mates obtained for each condition and each subject are 
given in Table 1. Data pooled over the four subjects are 
presented in Fig. I(B). 
The results show that for this condition, in which 
V2/Vt = 2, threshold urations decrease as the velocities 
of Vj and V2 are increased. The effect was significant, 
F=87.4 ;  d.f. =3,9; P <0.01. Thus, the results of 
Snowden and Braddick (1991) are not confirmed. 
Experiment 2
In this experiment we measured the RT to change in 
velocity, from V~ to V2. We used the same velocity pairs 
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FIGURE 1. (A) The four velocity profiles used in Expt 1. The abscissa 
is arbitrary. (B) Data from Expt 1 obtained with the same velocity ratio 
V2/V ~ =2. The mean threshold urations in msec are given as a 
function of the baseline velocity V~ in deg/sec. 
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TABLE 1. Mean temporal thresholds in msec obtained in Expt 1 
Velocity profile 
Subject A B C D 
BL 103.0 ± 11.4 60.0 + 3.9 57.9 + 3.3 36.4 ___ 3.2 
KB 87.8 + 7.2 56.4 + 4.8 50.3 + 3.8 38.6 + 3.8 
LR 101.4+ 12.7 71.0+ 11.6 56.2+6.0 47.0+3.6 
AS 78.4±8.6 42.3___4.3 37.1__+3.7 33.0+2.6 
Mean 92.7 57.4 50.4 38.8 
The four conditions correspond to the following velocity profiles: 
A, 1 --~ 2 ~ 1 deg/sec; B, 2 ~ 4 ~ 2 deg/sec; C, 4 ~ 8 ~ 4 deg/sec; 
D, 8 ~ 16--* 8 deg/sec. The 95% confidence limits are given for 
n = 16. 
TABLE 2. Mean reaction times in msec obtained in Expt 2 
Velocity changes 
Subject A B C D 
BL 287 __+ 8.1 274 + 9.9 252 + 6.9 246 _ 4.9 
KB 373+ 17.2 358+ 15.0 370+20.1 300+ 10.4 
LR 322 __+ 14.3 285 + 9.3 272 ± 7.8 257 + 10.8 
AS 308+ 12.1 294+ 10.1 276+6.7 266+8.8 
Mean 322 303 292 267 
The four conditions correspond to the following changes in 
velocity: A, 1---*2deg/sec; B, 2---~4deg/sec; C, 4--~8deg/sec; 
D, 8 ~ 16 deg/sec. The 95% confidence limits are given for n = 80. 
as in Expt 1:1 to 2; 2 to 4; 4 to 8; and 8 to 16deg/sec 
[Fig. 2(A)]. The four conditions were presented in blocks 
of 40 trials in one session and were randomized in the 
same way as in Expt 1. A total of 80 measurements were 
collected in two sessions for each condition. The individ- 
ual data are presented in Table 2. The mean results are 
shown in Fig. 2(B). Reaction times decreased signifi- 
cantly as the baseline velocity increased (F= 11.8; 
d.f. = 3,9; P < 0.01). The shape of the curve in Fig. 2(B) 
is strikingly similar to that of Fig. I(B). 
Experiment 3 
In this and in the following experiment we tested the 
hypothesis that the threshold duration T necessary to 
detect a velocity profile Vl--~ 112 ~ Vt and the reaction 
time to a change V~ to I"2 are, at least partially, 
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FIGURE 2. (A) The four velocity changes used in Expt 2. The abscissa 
is arbitrary. (B) Data from Expt 2: mean reaction times in msec as a 
function of the first velocity V, in deg/sec. 
determined by the second velocity in the pair, i.e. by II2. 
For this purpose we presented six velocity profiles of V~ 
and F 2. Three were increments: 2 ~ 4---, 2 deg/sec, 
2 ~ 8 ~ 2 deg/sec and 2 ~ 16--~ 2 deg/sec, whereas in 
the other three, the same values of Fj and F2 
were presented as decrements of 4--* 2 ~ 4 deg/sec, 
8 ~ 2 ~ 8 deg/sec and  16 ~ 2 ~ 16 deg/sec [Fig. 3(A)]. 
I f  the t ime necessary to detect  such profi les were deter-  
mined  to some extent  by F2, the tempora l  th resho ld  
for  detect ion  o f  a velocity increment ,  e.g. 
2 ~ 16--* 2 deg/sec; wou ld  be in general  shor ter  than  
the thresho ld  for  detect ion  o f  the decrement  
16 ~ 2 ~ 16 deg/sec,  because mot ion  detectors  tuned to 
velocity 2 deg/sec need more  t ime for  act ivat ion than  
detectors  for 16 deg/sec. 
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FIGURE 3. (A) The six velocity profiles used in Expt 3. The abscissa 
is arbitrary. (B) Data from Expt 3: the mean threshold urations in 
msec are plotted as a function of the absolute value of the velocity 
contrast (V 2 - V~ )/(V 2 + V l ). Solid line, increment s imuli; dashed line, 
decrement s imuli. 
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TABLE 3. Mean temporal thresholds in msec obtained in Expt 3 
Velocity profiles 
Subject  I 1 12 13 D l D 2 D 3 
BL 66.9 + 4.6 20.6 _ 2.3 9.0 _ 1.0 76.2 + 10.6 40.0 __+ 3.4 33.7 _ 2.4 
KB 55.6 + 6.4 17.2 + 2.9 8.0 + 1.0 72.5 + 6.3 42.2 + 1.9 30.3 + 2.3 
RL 58.9 _ 9.3 23.9 + 2.3 8.5 + 0.9 77.0 __+ 5.4 46.0 + 3.9 35.0 + 2.8 
AS 43.3+4.5 14.4___1.4 6.8+0.9 52.2__+4.7 31.9+3.7 26.4+3.3 
Mean 56.1 19.0 8. I 69.5 40.0 31.3 
The six conditions correspond to the following velocity profiles: Ii, 2---~4---~2deg/sec; 
12, 2---~ 8---~ 2deg/sec; 13, 2---~ 16---.2deg/sec; DI, 4---~ 2---*4deg/sec; D2, 8---~ 2---~ 8deg/sec; 
D3, 16---, 2 ~ 16 deg/sec. The 95% confidence limits are given for n = 16. 
As in Expt 1, all conditions were presented in the same 
session and a total of  16 threshold estimates were 
collected for each condition on two subsequent days. 
The results for the different subjects are given in Table 3, 
and the pooled data for the increment and decrement 
profiles are given in Fig:. 3(B). The magnitude of  the 
pulses was defined by the: absolute value of  the contrast 
ratio (V2-V,)/(V2+ V1). For both increments and 
decrements, threshold durations decreased monotoni-  
cally as velocity contrast increased (F = 99.5; d.f. = 2,6; 
P < 0.01), but at all contrasts decrement pulses (dashed 
lines) needed a significantly longer time than increment 
pulses to be detected (F- -141.2;  d.f. = 1,3; P < 0.01). 
This difference was more pronounced at the higher 
velocity contrasts, as demonstrated by the significant 
interaction (F = 17.0; d.f. = 2,6; P < 0.01) between the 
factors contrast and type of  the profile (increment or 
decrement). 
Experiment 4
In this experiment the RT to motion change from 1/1 
to V2 was measured for the same six velocity pairs (three 
decrements and three increments) as were used in Expt 
3 [Fig. 4(A)]. Table 4 shows the individual data; group 
means are shown in Fig. ,4(B). Again, the reaction times 
behaved like the thresholds: higher velocity contrasts 
elicited faster reaction times (F=74.5 ;  d.f. =2,6;  
P < 0.01), and increments elicited faster reactions than 
decrements (F = 86.0; d.f. = 1,3; P < 0.01). As in Expt 3, 
a weak but significant interaction between the contrast 
and the type of change (F = 7.24; d.f. = 2,6; P < 0.05) 
was found. 
DISCUSSION 
It is known that if the duration of  motion is held 
constant, the Weber fraction for the discrimination of  
two velocities becomes higher at low velocities (McKee, 
1981; Orban, van Calenbergh, De Bruyn & Maes, 1985; 
McKee, Silverman & Nakayama, 1986). Moreover, in 
common with most psychophysical discriminations, 
motion discrimination deteriorates when the presen- 
tation time of  the motion is reduced (McKee & Welch, 
1985; De Bruyn & Orban, 1988; Snowden & Braddick, 
1991). Lower velocities are more affected by reducing the 
presentation time than are higher velocities: i.e. for the 
same duration the Weber fraction for a lower velocity is 
higher than that for a higher velocity. In view of these 
findings, the results in Fig. I(B) are hardly astonishing: 
to perceive a velocity pulse of  fixed contrast, the visual 
system requires more time at the low velocities than 
at the high velocities. Despite the differences in the 
measurement procedures, the effects obtained in our 
study and in the papers cited above are quite similar. 
It is worth considering the data of  Snowden and 
Braddick (1991) in more detail. Their Expt 2 clearly 
shows that the critical frequency at which square-wave 
modulation of  motion velocity between V and 1.6. V can 
be detected decreases as V increases. Therefore, if we 
consider the modulation as a repetitive presentation of  
velocity pulses like those used in our Expt 1, longer 
pulses are needed to detect modulat ion at higher 
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FIGURE 4. (A) The six velocity changes used in Expt 4. The abscissa 
is arbitrary. (B) Data from Expt 4: the mean reaction times in msec 
are plotted as a function of the velocity contrast. Solid line, increment 
stimuli; dashed line, decrement s imuli. 
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TABLE 4. Mean reaction times in msec obtained in Expt 4 
Velocity changes 
Subject I l 12 13 D, D 2 D 3 
BL 274 + 7.8 233 + 5.4 214 + 3.7 301 + 9.1 274 + 7.6 260 + 6.2 
KB 369+21.7 316+ 17.1 292+ 16.4 380+ 16.1 343+17.5 323+ 16.2 
RL 294 + 9.8 248 ___ 6.7 218 + 7.6 320 + 12.0 283 ___ 7.7 271 + 7.9 
AS 306+ 11.9 256+7.1 263+5.8 332+9.1 298+9.2 292+ 11.6 
Mean 311 263 247 333 300 286 
The six conditions correspond to the following velocity changes: I,, 2--*4deg/sec; 
12, 2 ~ 8 deg/sec; I~, 2 ~ 16 deg/sec; DI, 4 ~ 2 deg/sec; D2, 8 ---* 2 deg/sec; D3, 16 ~ 2 deg/sec. 
The 95% confidence limits are given for n = 80. 
velocities, whereas with single pulses we obtained the 
opposite result. 
A possible reason for this discrepancy might be the 
differences between our stimuli and those of Snowden 
and Braddick: size of aperture, size and contrast of 
dots, etc. However, this seems unlikely, since it would 
mean that motion thresholds are critically sensitive to 
secondary characteristics of the stimulus, and because 
the results from another experiment of Snowden and 
Braddick (1991) agree with ours. Employing their cus- 
tomary apparatus and display, they measured the Weber 
fraction (11"2- VI)/VI of discrimination between two 
velocities, V~ and V2, as a function of the duration of 
motion and the reference velocity V 1 . The data, pre- 
sented in Fig. 1 of their paper, allows one to estimate 
that for V~ = 3.6deg/sec a Weber fraction of 0.2 is 
obtained with 90msec of motion; for 6.7 and 
10.4 deg/sec velocity the same Weber fraction is obtained 
at a duration of approx. 50msec. This result is in 
qualitative agreement with the data from our Expt 1 
despite the differences between the parameters of the 
stimuli; both results are in keeping with the hypothesis 
that higher velocities are processed better and faster by 
the visual system than are lower velocities. 
It seems that the temporal sequence of velocity modu- 
lation is of crucial importance for the opposition be- 
tween our data and those of Expt 2 of Snowden and 
Braddick (1991). The same velocity profile may produce 
quite different hresholds for single presentation and for 
repetitive presentation. This has to be confirmed by a 
detailed experiment, in which detection of single velocity 
pulses and modulated velocity is studied with the same 
type of stimuli; we intend to do this. 
A comparison between the data of the temporal 
thresholds for different velocity profiles in Expts 1 and 
3 and the reaction times in Expt 2 and 4 shows a good 
qualitative correspondence (Figs 1 and 3 vs 2 and 4). 
This suggests that the temporal thresholds measured by 
our procedure may be a good estimate of the velocity- 
dependent component of reaction time to changes in the 
velocity of visual motion. It seems that the same percep- 
tual mechanisms are involved in both tasks, in one case 
detecting a short-term change in visual velocity and 
responding to a change in velocity in the other. The 
question is, what process determines the time necessary 
to detect a velocity change? 
According to the hypothesis of van den Berg and van 
de Grind (1989) the temporal threshold for detection of 
a velocity V2 in a profile V~ ~ I12 ~ V~ should be equal 
to the time required for the detectors tuned to velocity 
V2 to be activated. Our data do not confirm this 
hypothesis: the thresholds for detection of the three 
decrements in Expt 3 are not equal although the three 
different baseline velocities are changed to the same 
value of II2 (2 deg/sec). In the Introduction the hypoth- 
esis was formulated in a different way: the threshold is 
partially influenced by the activation time of the detec- 
tors tuned to V2. This may explain the fact that the 
thresholds for detection of the decrement profiles in Expt 
3 are longer than the thresholds for the increments. This 
may happen because the detectors tuned to 2 deg/sec 
need more time to be activated than those tuned to 4, 8 
and 16 deg/sec [see equation (1)]. Moreover, equation (1) 
shows that the difference between the times needed for 
activation of the 2 and 4 deg/sec detectors hould be 
shorter than the difference between the times for acti- 
vation of the 2 and 16 deg/sec detectors. This agrees with 
the finding that the difference between the thresholds for 
decrements and increments decreases with decreasing 
velocity contrast [Fig. 3(B)]. Obviously, the time to 
detect 112 could only contribute to the temporal 
threshold, but cannot determine it alone. 
The hypothesis about the role of the response time of 
the motion detectors may encounter difficulties when 
data from experiments on reaction time to motion onset 
and offset are considered, i.e. velocity changes from zero 
to II2 and from V,a to zero. Hohnsbein and Mateeff 
(1992) have shown that the reaction time to the onset of 
motion at 16 deg/sec is about 40 msec shorter than the 
reaction time to the motion offset from 16 deg/sec to 
zero. Below 1 deg/sec onset and offset of motion elicited 
the same reaction times. An explanation of these data 
based on the activation time of the detectors tuned to the 
velocity V2 of the change would require postulating a
zero-distance motion detector that has an activation 
time (delay r) comparable to the delay of the 1 deg/sec 
detectors. Detectors of this kind have been described 
(Anstis, 1990; Arnold & Anstis, 1993); they are sensitive 
to luminance changes and are thought to provide an 
input into the motion analysing system. It is, however, 
an open question as to whether they could signal the fact 
that the stimulus is no longer moving. 
From Fig. 3(B) it is evident that the threshold for 
detection of a velocity change is a function of the 
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magnitude of the change, in the same way, as the 
detection threshold of a luminance stimulus is related to 
its intensity. However, this finding may be coincidence 
since data obtained with stimuli of different velocity 
contrasts cannot be interpreted in the same way as data 
obtained with stimuli of different luminance contrast 
despite their superficial similarities. 
In most discrimination tasks, performance improves 
when the stimuli to be discriminated are temporally 
contiguous. This is not the case with velocity stimuli: 
discrimination of velocities closely spaced in time is 
substantially impaired as compared to discrimination of 
temporally-separated v locities; Weber fractions which 
are usually around 6--12% (McKee, 1981; DeBruyn & 
Orban, 1988) may rise to 30% or more when there is 
no interval between the :stimuli. This finding indicates 
that velocity information may be integrated in time 
(Nakayama, 1985; McKee & Nakayama, 1988). Evi- 
dence for velocity integration is also provided by data 
showing that the visual system is particularly insensitive 
to acceleration of visual stimuli (Gottsdanker, 1956; 
Schmerler, 1976; Bowne, McKee & Glaser, 1989; 
Werkhoven, Snippe & Toet, 1992). There are also data 
that suggest that velocity is integrated over space 
(Watamaniuk & Duchon, 1992). 
The process of velocity integration is particularly 
suitable for explaining our finding that detection 
threshold and reaction time are a function of the magni- 
tude of the velocity change. It seems reasonable to 
assume that the integration of temporally-adjacent vel- 
ocities, like those in our experiments, consists of a simple 
averaging within a moving temporal window. This 
would smooth possible fluctuations of the velocity sig- 
nal, at the cost of the observer's ability to detect velocity 
changes from Vl to V2. The new velocity V 2 will be 
perceived only when the smoothed velocity signal in- 
creases or decreases to some constant critical extent 
that may correspond to the discrimination threshold 
for temporally-separated v locities. Obviously, greater 
changes in velocity will exceed the threshold earlier than 
small changes; therefore, they will need shorter presen- 
tation times to be detected, and will elicit faster eaction 
times. 
Thus, the results of our experiments can be qualitat- 
ively explained within tile framework of the present 
knowledge of the process of perception of motion. The 
explanation is based on two points: one is that motion 
detectors tuned to fast velocities are activated earlier, 
and the other is that velocity information is integrated 
when temporally-adjacent stimuli with different vel- 
ocities are presented. 
Another explanation of these data seems possible. In 
a recent study Dzhafarov, Sekuler and Allik (1993) 
proposed a model of the process of detection of changes 
in speed and direction of motion in a reaction time task. 
The model consists of a neural network that essentially 
calculates the moving variance of the spatial positions 
passed through by the stimulus within a temporal win- 
dow. Assuming a "subtractive normalization" process 
the authors have reduced the detection of a velocity 
change from G to II2 to the detection of an onset of 
motion with velocity equal to the absolute value of the 
difference between I"2 and V~. According to the model 
the time DT necessary to detect a change from V~ to 1"2 
is determined by the expression 
DT = C (V , ) ' [AV[ -~/s  (4) 
where C is a constant for V 1 < 4 deg/sec and an increas- 
ing function for VI > 4 deg/sec, and A V is the difference 
between the two velocities. 
It can be seen that our data qualitatively support he 
model of Dzhafarov et al. (1993).* The model considers 
the reaction time as a sum of a velocity-dependent 
detection time and a constant motor component. There- 
fore, it can predict the correspondence between 
thresholds and reaction times that we obtained. The 
decrease of thresholds for detection of a change from Vl 
to 2'II1 with increasing VI (Expt 1) may be easily 
explained because DT in equation (4) is a function of the 
difference between 1/2 and Vl rather than their ratio. The 
same holds for the relationship between detection 
thresholds and contrast, obtained in Expt 3. In the 
model, higher values for the first velocity Vl lead to an 
increase in C(G)  and to a longer DT in equation (4) if 
the difference between the velocities is kept constant. 
This may explain why the thresholds for detection of 
velocity increments are shorter than those for detection 
of decrements in Expt 3. The model easily deals with 
velocity changes in which the second velocity is zero, as 
in Hohnsbein and Mateeff (1992). As we noted above, 
the motion-detector hypothesis encounters difficulties in 
these cases. 
The model of Dzhafarov et al. (1993) is quite new and 
needs quantitative xperimental verification. However, 
even if experiment supports it one should not rule out the 
existence of motion detectors. Motion detectors may 
simply not be appropriate for certain tasks. While 
performing a reaction-time task the observer is under 
time pressure. Responding as quickly as possible to a 
change in motion velocity may mean that the subject 
presses the button whenever something new occurs in the 
stimulus, and the detection of this new may not be 
related to activation of a motion detector pool. Also, in 
Expts 1 and 3, in which temporal thresholds were 
measured, the stimulus looked like a short irregularity in 
the smoothness of the motion and the subject's task was 
to detect it. It is quite possible that a system that analyses 
local positional luminance changes, such as described by 
the model of Dzhafarov et al. (1993) would be more 
efficient for accounting for this kind of detection. 
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APPENDIX 
The three main planes in our experimental setup are schematically 
drawn in Fig. AI: the plane of the oscilloscope screen, of the sieve and 
of the screen with the aperture. The planes are parallel to each other. 
Let us consider two positions of the electron beam, B~ and B 2, and the 
oscilloscope IJ sieve J 
d i 
! ~ ,P21 
i ~ ~aperture 
, P22 H 1 I~ 
12 ~ , P 1 2  
I 
I 
I 
i' ~screen 
observer 
FIGURE A1. The method of projection and motion of random dots (ef. text of Appendix). 
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luminous points Pt~, PL2, P2~. and P22 that are projected by two 
arbitrary holes of the sieve, H~ and H 2. The distance between the 
oscilloscope and the sieve is designated by d~, and d, is the distance 
between the sieve and the screen. It can be seen that 
P21 Pit/BI B2 = P22PI2/Bj B2 = d2/dj (A1) 
because triangle B~B2H~ is similar to triangle H 1PH P2~, and triangle 
B t B2H 2 is similar to triangle H2Pt2P22. Moreover, we have 
PIJ PJ2/ HI 142 = P21 P22/HI 112 = d/dl (A2) 
because triangle B I Pi2 Pt l is similar to triangle B I H2 H 1 , and Bz P22 Pzl 
is similar to triangle B2H2H 1 . Here d = d I + d z. 
Equation (A1) shows that wi~en the beam translates from Bt to B z 
the dots of the test pattern, projected by any hole of the sieve on any 
place of the screen, translate c, ver the same distance. Equation (A2) 
shows that the distance between any two dots of the test pattern 
remains always the same regardless of the position of the electron 
beam on the oscilloscope screen. Therefore, neither the dot pattern, nor 
the velocity of motion are distorted with this method of stimulus 
presentation. 
The d~/d~ ratio determines the "velocity amplification" of the 
system; increasing d2/d ~ leads to a longer path travelled by the dot 
pattern per unit of time. Increa,;ing the d2/d ~ (or d/d~ ) ratio also results 
in an increase of the distances between the dots, i.e. in a decrease of 
the dot density. The higher the value of d2/d~ the larger the size of each 
of the random dots. 
Ditficulties may arise with this method when high velocities are to 
be presented for a long time; the electron beam may go off the 
oscilloscope screen. The d2/d~ ratio has to be properly adjusted for such 
cases. In our setup we used d2/d I = 3. Thus, 1 cm motion of the beam 
resulted in 3 cm motion of the dot pattern on the screen, which 
subtended 5.37 deg at 32 cm viewing distance. This was sufficient o 
meet the requirements of all conditions of our experiments. The most 
extreme cases were Expts 3 and 4, conditions D 3 [Figs 3(A) and 4(A)]. 
In these conditions we presented stimuli of Vj = 16 deg/sec for up to 
2 sec plus V 2 = 2 deg/sec for up to 1 sec. This was achieved by a motion 
of the electron beam of approx. 7 cm total length. The oscilloscope 
screen was 10.5 crn wide; the rest of 3.5 cm was used randomly to vary 
the initial position of the electron beam at the beginning of each trial. 
In this way, the velocity change was presented when different clusters 
of the dot pattern appeared within the aperture. 
The difficulties that may arise with presentation of higher velocities 
for a long time are compensated by the better temporal resolution of 
our method as compared to the resolution provided by commercial 
video-monitors of 70 or I00 Hz refresh rate. Our apparatus allowed us 
to update the current position of the electron beam every millisecond. 
This accuracy is needed to measure temporal thresholds for detection 
of change in velocity. 
